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[Abstract] Objective To explore the application method and clinical efficacy of endoscopic and computerized
navigation technology in maxillofacial foreign body removal surgery, and to provide a reference for the clinical applica-
tion of this technology. Methods This study, which was approved by the Medical Ethics Committee of the hospital,
retrospectively analyzed the data of five patients with maxillofacial foreign bodies who were admitted to Sun Yat-sen Me-
morial Hospital, Sun Yat-sen University from January 2018 to December 2024. All patients underwent preoperative CT
scanning. Intraoperatively, endoscopic and computer navigation techniques were used in combination or separately ac-
cording to the location, size, and adjacency of the foreign body to important neurovascular vessels. The foreign body was
precisely localized by endoscopic magnification and direct visualization, and the optimal surgical path was designed and
verified under the real-time guidance of computerized navigation to accurately remove the foreign body. The type of for-
eign body, location, length and diameter, duration of surgery, length of incision, success rate of foreign body removal,

postoperative complications, and follow-up were recorded and analyzed. Results The foreign body was successfully re-
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moved in all five patients with a success rate of 100%. The intraoperative computerized navigation system was accurate
in positioning, and the alignment stability was not significantly affected by mandibular movement; the endoscope pro-
vided good illumination and exposure of the operative field. All surgical incisions were small, and no serious complica-
tions, such as foreign body residue, important neurovascular injury, or infection, occurred after surgery. One month after
the operation, the patients were followed up and recovered well. Conclusion The combination of endoscopy and com-
puter navigation or separately assisted technology can provide a clear field and real-time positioning for maxillofacial
foreign body removal, effectively avoiding important anatomical structures, thus realizing safe and complete foreign body

removal with minimized trauma. This assistive technology significantly improves the accuracy and safety of the opera-

tion and has clinical promotion value.

[Key words] maxillofacial region; foreign body; endoscopy:

navigation; minimally invasive surgery; foreign body removal
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Clinical features and perioperative records of five patients of maxillofacial foreign bodies

Maxillofacial foreign body conditions

Intraoperative and postoperative conditions
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years Location Character diameter of surgery . hospitalization
methods tions
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1 72 Men Right floor of the max- Implant 0.5 Endoscopy 85 No 3
illary sinus
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a-c: on the preoperative maxillofacial CT cross section, the yellow circle shows the presence of patchy high-density shadows in the left mandibular

subcutaneous soft tissue, the soft tissue in front of the left mandibular protuberantia mentalis, and the right zygomatico-buccal subcutaneous soft

tissue, which is considered to be foreign body residue. d: a probe searching for the location of the foreign body in the operative area. e & f: in the

navigation software, the probe has been sequentially localized to the foreign body in the soft tissue in front of the left mandibular protuberantia

mentalis and in the left mandibular subcutaneous soft tissue, as shown by red arrows. g: sequential location of the foreign body under the naviga-

tion system, labeled A, B, and C. h: the specimen is shown after removal of the foreign body from the maxillofacial region. Foreign objects A, B,

and C are glass fragments, each with a diameter of approximately 0.8 ¢cm, 0.5 ¢m, 0.1 ¢cm

Figure 1 A 25-year-old male patient with multiple foreign bodies in the maxillofacial area underwent computer navigation-

assisted removal of foreign bodies from the chin and right zygomatic bone
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a-b: cross-sectional (a) and coronal (b) preoperative CT images of the maxillofacial region; the yellow circle shows that the tip of the supporting nail

is located behind the left maxillary sinus, near the left side of the skull base. The skull bone is continuous, no bone destruction is seen, and there

are no clear signs of fracture. c: in the three-dimensional reconstructed image, the red rectangular box shows that six points on the labiobuccal

orthodontic appliance of the maxillary dental tissues were selected as the alignment points. The red circle shows the foreign body near the left side

of the skull base. d-g: as can be seen in the 3D reconstructions and different CT slice images, the probe was used for the initial precise positioning

of the foreign body by passing through coronal, transverse, and sagittal positions. h: clamped navigational reference frame fixed to the endoscope;

1&j: intraoperative navigational and endoscopic dual view displayed on the computer screen; the dark blue icon represents the foreign body; k:

postoperative foreign body specimen with a long diameter of approximately 1.1 ecm

Figure 2 A 26-year-old female patient with a left maxillary retained foreign body who underwent navigation and endoscopic-

assisted removal of a foreign body

B2 26% tk7e baH B S5 AT AL S0 R P B B R SR G R

0 E R T E G MER RS TRk R v a
KESHAWIRRESE . W i 5 4 32 2RI T 4h
055 B EAEARAE 0 SOtk S Wb, S ad I B gk
KERH G 1 52 & B S G THT S ) 5 7 9 B AR PR A S
MEAETF AR R BEEERY T, R AR AL
5052 B AT ST R DX A Sy DL s B A 5
L5955 191 22 9] B s ARG PR R AL < B AN A B BB
A SRS S Bt BOR AR E P RS i
B, TE S BT Sk A5 e BT I 5 RS 7 2 3T A0 ] Bt/
5% 8] B2 18] B2 i 20 DL P 7 XU 5, o B UDH 5
(DAST G VR

FAG R EE AL I BCH B R o X T BE

ALLAF T 6 VR 52 9, CT B CBCT 2 I PR 5 FH ) 2 22
KAty F Bz — , nl Gl o 9 AN R A
JESEPI B R, CBCT 23 18] 23 B R i, (H 4] 45 2]
SUNT L EEA BRE S XT3 |4 A R
HH R R 5 AR SR A ALY AE R CT 1T WA
5, 1 R CT i B B[] 7228 b ) R, 0 B
EHEH L M ISR IR 55 s Hh 7S R
THRAL, AT AS S (AR SR 59 %2 7
A —E B R Z A B S R

VTAEE T EAL MRS G CTEUR 1 CBCT
CL %k E B B T B, B R SC R R R
TEFARBEAR B E H A, 76 VR i /N 5 4 B



OB & s B g

20265E4 A #F34% F4H

Journal of Prevention and Treatment for Stomatological Diseases, Apr. 2026,Vol.34 No.4 https://www.kqjbfz.com + 383 -

S AR TR E 5 A o B SN (355 @ K/
I MG AR CBCT 5 58, AT AR BT s il A7 =
AT S TR TR ARG E R ok
HERCHE , [R)RE S T S 5 | 52— A28 0 iE - 5 e 1R
AR IR TR AR A R

SR, N AR #Y T Sl M AT = 5 e TS AL A
R L E BB, B R BOR RS SRR IT R
AR R A E AR G T 2R R O R A
254G A S HE LR E R AN @0 AR R R B
SSHERBREGBEHA @ 5IRE W I (mixed
reality, MR /3455 B 5 (augmented reality , AR) ¥ 5
B, 9D AR E ML AR T A
TR AU AR G-I P S 0K B D7 1 , 42
TP IOR FEOC A REE 5 —  R TR RS AL,
S CE T L OSSR L PR R
DX Bl R SCHE BT 2 BORT sk S R XS
SIS 22 J R DCHE R 5 55— N B AL S T
HALFAE GRS SR CE A X Se 2 IR
o7 BRI R ASOR

ity Z AR L A% U R UE A 22k A [l
WESE , = BT B AT HEPEXT BB SE A XN 2 oAb, T
AT AL S AU N JRE R T O R s M A B A B
i 7 AT 5 0 — PR )

i b B ST ENLSEOR IS T,
A TE S S P R AR AR T — R ARG v AR A i
Y5 58, AT WY )l PR AT L FH A (A

[ Author contributions ]

ticle. Fang SL, Cai YK, He YL, Huang ZQ analyzed the data and re-

Guo JH analyzed the data and wrote the ar-

vised the article. Wang Y conceptualized and reviewed the article. All

authors read and approved the final manuscript as submitted.

SE

[1]  Murase Y, Yoshida S, Kishimoto K, et al. The transoral endoscope-
assisted approach for removal of a dental implant displaced into
the maxillary sinus: a case report and review of the literature[J]. J
Maxillofac Oral Surg, 2022, 21(2): 639-647. doi: 10.1007/512663-
022-01703-8.

[2]  Ma DY, Zhang SM, Pang CY, et al. A serial case study of the com-
bined use of intraoperative CT and surgical navigation system for
the removal of small foreign bodies in the maxillofacial region[J].
Chin J Traumatol, 2024, 27(5): 279-283. doi: 10.1016/j.
cjtee.2024.07.005.

3] HZRuE, JEiE, sk 3CHl, % . TR T CT A E LSt
BOARATE AU /NS P 3B T ) S TR IE A L], ob B
W m A B 2% A, 2022, 20(6): 581-585. doi: 10.19438/).
¢joms.2022.06.011.

Ma DY, Pang CY, Zhang WK, et al. The value of intraoperative

[11]

[12]

[13]

[14]

[15]

[17]

image-based navigation in removal of small foreign bodies in max-
illofacial trauma[J]. China J Oral Maxillofac Surg, 2022, 20(6):
581-585. doi: 10.19438/j.cjoms.2022.06.011.

Alkhayatt NM, Alzahrani HH, Ahmed S, et al. Computer-assisted
navigation in oral and maxillofacial surgery: a systematic review
[J. Saudi Dent J, 2024, 36(3): 387-394. doi: 10.1016/j.
sdentj.2023.12.002.

Wiister J, Raguse JD, Kreutzer K, et al. Foreign bodies caused by
dental treatment in the head and neck - a surgical challenge[J].
Craniomaxillofac Res Innov, 2022, 7: 27528464221085888. doi:
10.1177/27528464221085888.

Seigneur M, Hascoét E, Chaux AG, et al. Characteristics and man-
agement of dental implants displaced into the maxillary sinus: a
systematic review[J]. Int J Oral Maxillofac Surg, 2023, 52(2): 245-
254. doi: 10.1016/j.ijom.2022.06.009.

Singh V, Dahiya A, Britto A, et al. Complex-type foreign body pen-
etrating injuries of the craniofacial region and surgical manage-
ment: a report of three cases[J]. ] Maxillofac Oral Surg, 2024, 23
(4): 1033-1040. doi: 10.1007/s12663-024-02152-1.

Safadi A, Ungar OJ, Oz I, et al. Endoscopic sinus surgery for den-
tal implant displacement into the maxillary sinus-a retrospective
clinical study[J]. Int J Oral Maxillofac Surg, 2020, 49(7): 966-972.
doi: 10.1016/j.ijom.2020.01.009.

Bennardo F, Barone S, Buffone C, et al. Removal of dental im-
plants displaced into the maxillary sinus: a retrospective single-
center study[J]. Head Face Med, 2022, 18(1): 34. doi: 10.1186/
$13005-022-00339-w.

Sodnom-Ish B, Eo MY, Lee JY, et al. Functional rehabilitation of
the maxillary sinus after modified endoscopic sinus surgery for dis-
placed dental implants[J]. Int J Implant Dent, 2023, 9(1): 25. doi:
10.1186/s40729-023-00490-2.

Malkawi Z, Alayeh A, Alshawa A, et al. A case of broken local an-
esthetic needle in the pterygomandibular space; diagnostic ap-
proaches and surgical management|[J]. Diagnostics (Basel), 2023,
13(19): 3050. doi: 10.3390/diagnostics 13193050.

Margolis A, Loparich A, Raz E, et al. Use of intraoperative bipla-
nar fluoroscopy for minimally invasive retrieval of a broken dental
needle[J]. J Oral Maxillofac Surg, 2020, 78(11): 1922-1925. doi:
10.1016/.joms.2020.07.004.

Voss JO, Maier C, Wiister J, et al. Imaging foreign bodies in head
and neck trauma: a pictorial review[]J]. Insights Imaging, 2021, 12
(1): 20. doi: 10.1186/513244-021-00969-9.

Song C, Li J, Wang T, et al. CT and MRI findings of intraorbital
wooden foreign bodies[J]. Clin Radiol, 2025, 84: 106859. doi:
10.1016/j.crad.2025.106859.

Shiraki Y, Takahashi T, Ogi M, et al. Changes in CT values of
wood in the body: pitfalls in detecting a wooden foreign bodyl[J].
BMJ Case Rep, 2024, 17(2): €259348. doi: 10.1136/ber-2023-
259348.

Tok S, Kadioglu E. Ultrasonography in soft-tissue foreign-body de-
tection: a phantom study[J]. Pol J Radiol, 2021, 86: €496-¢499.
doi: 10.5114/pjr.2021.108879.

Vitali D, Orlando P, Maggiore G, et al. Ultrasound-assisted re-


http://dx.doi.org/10.1007/s12663-022-01703-8
http://dx.doi.org/10.1007/s12663-022-01703-8
http://dx.doi.org/10.1016/j.cjtee.2024.07.005
http://dx.doi.org/10.1016/j.cjtee.2024.07.005
http://dx.doi.org/10.19438/j.cjoms.2022.06.011
http://dx.doi.org/10.19438/j.cjoms.2022.06.011
http://dx.doi.org/10.19438/j.cjoms.2022.06.011
http://dx.doi.org/10.1016/j.sdentj.2023.12.002
http://dx.doi.org/10.1016/j.sdentj.2023.12.002
http://dx.doi.org/10.1177/27528464221085888
http://dx.doi.org/10.1177/27528464221085888
http://dx.doi.org/10.1016/j.ijom.2022.06.009
http://dx.doi.org/10.1007/s12663-024-02152-1
http://dx.doi.org/10.1016/j.ijom.2020.01.009
http://dx.doi.org/10.1186/s13005-022-00339-w
http://dx.doi.org/10.1186/s13005-022-00339-w
http://dx.doi.org/10.1186/s40729-023-00490-2
http://dx.doi.org/10.1186/s40729-023-00490-2
http://dx.doi.org/10.3390/diagnostics13193050
http://dx.doi.org/10.1016/j.joms.2020.07.004
http://dx.doi.org/10.1016/j.joms.2020.07.004
http://dx.doi.org/10.1186/s13244-021-00969-9
http://dx.doi.org/10.1016/j.crad.2025.106859
http://dx.doi.org/10.1016/j.crad.2025.106859
http://dx.doi.org/10.1136/bcr-2023-259348
http://dx.doi.org/10.1136/bcr-2023-259348
http://dx.doi.org/10.5114/pjr.2021.108879

- 384 -

OB & s B g

20265E4 A #F34% F4H

Journal of Prevention and Treatment for Stomatological Diseases, Apr. 2026,Vol.34 No.4 https://www.kqjbfz.com

(18]

[19]

[20]

[21]

[22]

[23]

moval of a wooden foreign body embedded in the neck[J]. Surg
Tech Dev, 2024, 13(1): 1-8. doi: 10.3390/std13010001.

Davis J, Czerniski B, Au A, et al. Diagnostic accuracy of ultraso-
nography in retained soft tissue foreign bodies: a systematic review
and meta-analysis[J]. Acad Emerg Med, 2015, 22(7). 777-787.
doi: 10.1111/acem.12714.

Adell-Gémez N, Valls-Ontafion A, Malet-Contreras A, et al. Analy-
sis of the implementation of a circuit for intra-operative superposi-
tion and comparison of the surgical outcomes using ICBCT in max-
illofacial surgery[J]. Int J Comput Assist Radiol Surg, 2024, 19
(12): 2463-2470. doi: 10.1007/s11548-024-03196-x.

Adell-Gémez N, Valls-Ontafion A, Malet-Contreras A, et al. Intra-
operative CBCT in maxillofacial surgery: radiological findings and
clinical advantages[C]/European Congress of Radiology 2025. Vi-
enna: European Congress of Radiology 2025, 2025.

de Geer AF, Brouwer de Koning SG, van Alphen MJA, et al. Regis-
tration methods for surgical navigation of the mandible: a system-
atic review[J]. Int J Oral Maxillofac Surg, 2022, 51(10): 1318-
1329. doi: 10.1016/j.ijom.2022.01.017.

Tang ZN, Hu LH, Soh HY, et al. Accuracy of mixed reality com-
bined with surgical navigation assisted oral and maxillofacial
tumor resection[J]. Front Oncol, 2022, 11: 715484. doi: 10.3389/
fonc.2021.715484.

Wu J, Jiang L, Cheng Y, et al. Patient-specific dynamic reference
frame for navigation-assisted surgery in mandible: a novel noninva-

sive technical method[J]. Front Bioeng Biotechnol, 2025, 13:

[24]

[25]

[26]

1577321. doi: 10.3389/(bioe.2025.1577321.
Li JS, Ramsay DS, Burke AB, et al. An integrated approach to
tracking mandibular position relative to incisal and condylar enve-
lopes of motion during intraoral clinical procedures: a new look at
TMJ movements[J]. Front Dent Med, 2025, 6: 1654118. doi:
10.3389/fdmed.2025.1654118.
Yamamoto S, Taniike N, Takenobu T. Application of an open posi-
tion splint integrated with a reference frame and registration mark-
ers for mandibular navigation surgery[J]. Int J Oral Maxillofac
Surg, 2020, 49(5): 686-690. doi: 10.1016/}.ijom.2019.09.015.
Novelli G, Santamato F, Piza Moragues AJ, et al. 15-year experi-
ence in maxillofacial surgical navigation with tracked instruments
[JI. Surg Tech Dev, 2024, 13(2): 162-177. doi: 10.3390/
std13020010.

(B8 BHS, k)

Open Access

This article is licensed under a Creative Commons
Attribution 4.0 International License.
Copyright © 2026 by Editorial Department of Journal of

Prevention and Treatment for Stomatological Diseases


http://dx.doi.org/10.3390/std13010001
http://dx.doi.org/10.1111/acem.12714
http://dx.doi.org/10.1007/s11548-024-03196-x
http://dx.doi.org/10.1016/j.ijom.2022.01.017
http://dx.doi.org/10.3389/fonc.2021.715484
http://dx.doi.org/10.3389/fonc.2021.715484
http://dx.doi.org/10.3389/fbioe.2025.1577321
http://dx.doi.org/10.3389/fdmed.2025.1654118
http://dx.doi.org/10.3389/fdmed.2025.1654118
http://dx.doi.org/10.1016/j.ijom.2019.09.015
http://dx.doi.org/10.3390/std13020010
http://dx.doi.org/10.3390/std13020010

